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insulation base 41 divided into an insulation region Z, a
heat-generating region Y, and a pressing region X. The
insulation base 41 1s formed from a polyimide resin film
member. A rectangular-shaped electrically-conductive resil-
ient body 46 1s attached on the pressing region X and a
resistance-type heat-generating body 44 1s attached on the
heat-generating region Y. The resilient body 46 and the
heat-generating body 44 are formed mtegrally from the same
stainless steel plate, which 1s attached on the surface of the
insulation base 41 and etched into a desired pattern. The
heat-resistant mnsulation sheet 40 formed 1n this manner 1s
mounted into a roller body 1n a rolled up condition with the
pressing region X disposed interior to the heat-generating
region Y, and the heat-generating region Y disposed interior
to the msulation region Z.

10 Claims, 9 Drawing Sheets
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THERMAL ROLLER FOR THERMAL
FIXING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thermal roller used 1n a
fixing device for fixing a thermally meltable recording
material, such as toner, onto a recording sheet, such as a
sheet of paper.

2. Description of the Related Art

There has been a fixing device used for fixing toner
images onto a recording medium, such as a paper sheet. The
fixing device 1s used 1n 1mage forming devices such as
clectrophotographic printers and copiers. The fixing device
1s provided with a thermal roller. One frequently used
thermal roller 1s formed from a stainless steel or aluminum
tube with a halogen lamp disposed in 1ts interior. The
halogen lamp generates heat when 1lluminated. The heat
from the halogen lamp heats the entire roller to a fixed
temperature.

However, the halogen lamp 1s merely disposed in the
center of the cylindrical tube and is not 1n mtimate contact
with the roller surface. Therefore, heat 1s mefhiciently trans-
ferred from the halogen lamp to the cylindrical tube so that
a great deal of time 1s required from when the halogen lamp
1s turned on until the thermal roller 1s heated up to a
predetermined temperature required for fixing toner onto a
recording sheet.

Japanese Patent-Application Publication (Kokai) Nos.
HEI-9-138605 and HEI-9-179423 each disclose a thermal
roller formed with a resistance-type heat-generating layer at
its 1nner peripheral surface. The resistance-type heat-
generating layer serves as a heat source for the thermal
roller. As shown in FIGS. 1(a) to 1(d), the thermal roller is
formed from a metal pipe 101; a resistance-type heat gen-
erating layer 102 including a heat-resistance 1nsulation layer
and a thermal heat-generating body disposed on the inner
peripheral surface of the metal pipe 103; and a pressing body
103a or 1036 mounted to the mnner surface of the heat-
resistant insulation layer 102. The heat-resistant msulation
layer 102 1s formed from a film member of polyimide, for
example, and a thermal body fixed to the surface of the film
member. The pressing body 1s formed from foam rubber or
a hard foam resin material. Japanese Patent-Application
Publication (Kokai) No. HEI-9-179423 describes the press-
ing body 1034, which as shown in FIGS. 1(a) and 1(b), has
a solid columnar shape. Japanese Patent-Application Publi-
cation (Kokai) No. HEI-9-138605 describes the pressing
body 103b, which as shown in FIGS. 1(c) and 1(d), has a

hollow cylindrical shape.

Pressure within the foam rubber or the foam resin material
of the pressing body 103a, 103b presses the heat-resistant
insulation layer 102 against the metal pipe 101 to fix the
heat-resistant insulation layer 102 against the metal pipe
101. The thermal body 1s pressed directly by the pressing
body 1034, 1035 mnto intimate contact with the 1nner periph-
eral surface of the metal pipe 101. With this configuration,
heat from the thermal body is properly transmitted to the
metal pipe 101.

Japanese Patent-Application Publication (Kokai) No.
HEI-8-194401 discloses a thermal roller 110 shown 1n FIGS.

2 and 3. The thermal roller 110 includes a roller body 111
formed 1n a hollow cylindrical shape from a material having
oood thermal conductivity; a clinging prevention layer 112
formed on the outer peripheral surface of the roller body 111,
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and a resistance-type heating member 113 attached to the
inner peripheral surface of the roller body 111.

The resistance-type heating member 113 includes an
insulation film member 114 and a resistance-type heating
body 117. The insulation film member 114 1s formed from a
polyimide resin film having heat resistance and electrical
insulation properties. The resistance-type heating body 117
1s a flexible heat-generating sheet attached onto the surface
of the 1nsulation film 1s member 114 and 1s configured from
a resistance member 117a and electrodes 117b. The resis-
tance member 1174 1s formed from a single or a plurality of
stainless steel or copper foil films etched to a predetermined
pattern on the insulation film member 114. The electrode
117b 1s provided for supplying power to both terminals of
the resistance member 117a. The cross-sectional area of the
resistance member 117a changes 1n the axial direction of the
roller body 111 1n order to adjust the temperature at the outer
peripheral surface of the roller body 111 to a uniform
temperature.

The thermal roller disclosed 1n Japanese Patent-
Application Publication (Kokai) No. HEI-8-194401 1is
assembled by first coating a heat-resistant adhesive, which
has no adhesive properties at room temperature, to the inner
surface of the msulation film member 114. The insulation
f1lm member 114 1s then inserted into the roller body 111.
Next, the resistance-type heating member 113 1s brought
into contact with the inner peripheral surface of the roller
body 111 using air pressure and the like. Then, the
resistance-type heating member 113 and the roller body 111
arc heated and fixedly adhered to each other in a high
temperature oven.

Because the resistance-type heating member 113 1s con-
figured from a heat-generating sheet formed by prefixing the
resistance-type heating body 117 onto the insulation film
member 114. when the thermal roller 110 1s assembled,
operations for fixing the resistance-type heating member 113
to the roller body 111 can be easily performed. However, 1t
would be desirable 1f the number of steps 1n the assembly
process could be decreased or the steps further simplified
somehow.

SUMMARY OF THE INVENTION

Because the pressure body 1034, 1035 described 1n Japa-
nese Patent Application Publication (Kokai) Nos. HEI-9-
138605 and HEI-9-179423 1s formed from a foam resin
material, the surface confronting the heat-generating body 1s
filled with air pockets. When pressing force 1s insufficient to
press the resin material 1nto contact with the heat-generating
body, the resin material and the heat-generating body will be
separated by air spaces at the air pocket portions. Since air
has poor thermal conductivity, heat generated by the heat-
cgenerating body will remain in the air pocket portions at the
surface of the heat-generating body, untransmitted to the
foam resin material. This results 1n the heat generating body
heating up excessively at localized areas.

It 1s concelvable to provide a safety device adjacent to the
roller body for detecting unusually excessive heat and, under
this condition, cutting off power supply to the heat-
generating body. However, a satety device 1s only be able to
monitor temperature at a position adjacent to where the
satety device 1s located. That 1s, the safety device can not
detect rapid temperature changes at positions on the outer
surface of the aluminum roller even a small distance from
where 1t 1s positioned. If the safety device does not cut off
power to the heat-generating body, despite such a rapid
temperature change, the foam resin material can thermally
break down and, 1n the worst case, 1gnite.
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That 1s to say, the polyimide and the like used to form the
heat-resistant msulation layer has 1insulation and mechanical
strength guaranteed to a heat resistance of 500° C. In
contrast with this, silicone sponge and the like used 1n foam
resin materials has a low heat resistance of between 350 to
360° C. Therefore, the silicone sponge will quickly ther-
mally break down if, because the pressure body 103 has
insufficient pressing force or for some other reason, the
resistance-type heating body generates an unusually exces-
sive heat. When the silicone sponge thermally breaks down,
the molecular structure of the silicone sponge changes so
that resilience of the silicone sponge drops. As a result, the
silicone sponge will not press the heat-resistant resin layer
102 of the heat-generating body suificiently mto immtimate
contact with the inner peripheral surface of the metal pipe
101 to enable easy transmission of heat from the heat-
ogenerating body to the metal pipe 101. Since the heat from
the heat-generating body 1s not properly discharged, the
heat-generating body becomes increasingly overheated so
that the polyimide of the pressure body 103 melts. The
insulation between the heat-generating body and the metal
pipe breaks down so that electric leaks occur and fire can
OCCUL.

This series of events occurs instantaneously once the
silicone sponge thermally breaks down. As described above,
it 1s concelvable to provide an overheat detection tempera-
ture sensor for detecting excessive heat of the roller.
However, because the silicone sponge can instantaneously
break down because of localized overheating, a plurality of
overheat detection temperature sensors must be provided for
detecting temperature across the entire internal surface of
the roller in order to sense this overheating before larger
problems occur. Technical problems and excessive costs
make this option undesirable.

It 1s an objective of the present invention to provide an
extremely safe thermal roller with a pressing member that
will not thermally break down or 1gnite even when the roller
generates excessive amounts of heat, even at only certain
positions. It 1s another objective of the present invention to
provide a thermal roller that can be easily assembled with
lower cost.

To achieve the above-described objectives, a thermal
roller according to one aspect of the present invention
includes a cylindrical roller body formed with a hollow
interior and a resistance-type heat generating body disposed
in the hollow 1mterior of the roller body. A first heat-resistant
insulation layer 1s disposed between the roller body and the
resistance-type heat generating body. Moreover, a second
heat-resistant insulation layer i1s disposed interior to the
resistance-type heat generating body. A resilient body 1is
disposed 1nterior to the second heat-resistant insulation
layer. The resilient body presses the second heat-resistant
insulation layer toward the roller body with sufficient resil-
ient force to fix the first heat-resistant insulation layer. The
resistance-type heat generating body, and the second heat-
resistant msulation layer 1n place with respect to the roller

body.

Because the second heat-resistant insulation layer 1s inter-
posed between the pressing resilient body and the resistance-
type heat-generating body, heat generated by the resistance-
type heat-generating body 1s prevented from being
transmitted directly to the pressing resilient body.

It 1s desirable that the second heat-resistant insulation
layer have heat resistance equal to or greater than heat
resistance of the first heat-resistant insulation layer. In this
case. The second heat-resistant insulation layer, which func-
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4

fions as a heat insulation layer, can be prevented from
thermally breaking down itself, thereby further assuring
safety.

It 1s also desirable that the second heat-resistant insulation
layer has greater heat resistance than the pressing resilient
body. With this configuration, even when the resistance-type
heat-generating body generates an excessively large amount
of heat, thermal break down of the second heat-resistant
insulation layer will not occur before thermal break down of
the pressing resilient body. Because the second heat-
resistant 1nsulation layer will always be present without
thermally breaking down, 1t will always properly restrict the
amount of heat transmitted to the pressing resilient body, so
that thermal break down of the pressing resilient body can be
prevented.

The pressing resilient body 1s desirably formed from a
thin plate shaped electrically-conductive resilient body
rolled mnto a tube. With this configuration, the pressing
resilient body has excellent thermal conductivity and,
because of 1ts small heat capacity, good temperature satu-
ration. That 1s to say, even 1f the resistance-type heat-
ogenerating body, which 1s disposed exterior of the pressing
resilient body, generates high localized temperatures, the
ogenerated heat will be dispersed over and saturate the entire
clectrically conductive resilient body. For this reason, the
thermal roller 1s effectively prevented from locally heating
to unusually high temperatures so that the temperature at the
surface of the thermal roller will be even.

It 1s desirable that the electrically-conductive resilient
body has thermal conductivity greater than the thermal
conductivity of the second heat-resistant insulation layer. In
this case, the electrically-conductive resilient body can
remove a portion of any heat developed locally at the second
heat-resistant 1nsulation layer. The heat will disperse uni-
formly throughout the entire electrically-conductive resilient
body. After this heat saturates the interior of the electrically-
conductive resilient body, the dispersed heat 1s transmitted
back to the second heat-resistant insulation layer.
Accordingly, even 1f the material used as the heat-resistant
insulation layer has poor thermal conductivity and tends to
trap heat 1n local pockets, heat will be dispersed uniformly
over the entire roller body via the heat-resistant insulation
layer so that temperature unevenness does not occur.

Because the electrically-conductive resilient body has
excellent heat resistance, the thermal roller 1s extremely
sate. That 1s, the electrically-conductive resilient body can
heat up very quickly because of its excellent thermal con-
ductivity. If the electrically-conductive resilient body had
poor heat resistance, then 1t might quickly heat to its
combustion point. The second heat-resistant insulation layer
35 might be damaged if the electrically-conductive resilient
body combusts before the safety device 1s activated.
Therefore, when the electrically-conductive resilient body
has excellent thermal conductivity, there 1s a need to prevent
the electrically-conductive resilient body itself 1gniting. The
high heat resistance of electrically-conductive resilient body
prevents this.

According to a second aspect of the present invention, a
thermal roller includes a cylindrical roller body formed with
a hollow 1nterior and a heat-resistant 1nsulation sheet having
an 1nsulation region and a heat-generating region. The
heat-generating region 1s at least partially covered with a
resistor generating heat when energized. The heat-resistant
insulation sheet 1s disposed 1n a rolled up condition in the
hollow 1interior of the roller body with the heat-generating
region disposed interior to the insulation region.
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Because the heat-resistant insulation sheet has a heat-
generating region and an insulation region, processes for
assembling the thermal roller can be simplified compared to
when separate parts are provided for each different function.
Also, because the heat-resistant insulation sheet 1s mounted
in the roller body 1n a rolled up condition with the msulation
region to the 1nside of the heat-generating region, assembly
operations can be performed more efficiently. As a result, the
cost for assembling the thermal roller can be reduced.

According to a third aspect of the present invention a
thermal roller includes a cylindrical roller body formed with
a hollow 1nterior and a heat-resistant insulation sheet having
a heat-generating region and a pressing region. The pressing
region 1s at least partially covered with a plate-shaped
resilient body. The heat-resistant insulation sheet 1s disposed
in a rolled up condition in the hollow interior of the roller
body with the pressing region disposed interior to the
insulation region.

Because the pressing means 1s provided for pressing the
heat-resistant 1nsulation sheet, which serves as the heat-
generating layer, toward the inner peripheral surface of the
roller body, the heat-resistant insulation sheet can be easily
and uniformly fixed into intimate contact with the inner
peripheral surface of the roller body without using adhesive.
Because, partial contact 1s prevented, good heating proper-
fies are obtained. Also, as in the case of the second aspect of
the present invention, processes for assembling the thermal
roller can be simplified compared to when separate parts are
provided for each different function. Also, assembly opera-
tions can be performed more efficiently. As a result, the cost
for assembling the thermal roller can be reduced.

With the third aspect of the present invention, 1t 1s
desirable that the heat-generating region and the pressing
region cach have a length at least as long as the inner
circumference of the roller body. With this configuration, the
heat-generating region can uniformly heat the mner periph-
eral surface of the thermal body. Also, the pressing region
can press the heat-generating region with a uniform pressing
force across the inner peripheral surface of the roller body so
that the heat-generating region is effectively fixed to the
inner peripheral of the roller body. Accordingly, the thermal
roller according to the present mnvention has uniform tem-
perature distribution and excellent safety characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the 1nvention will become more apparent from reading the
following description of the preferred embodiment taken in
connection with the accompanying drawings 1n which:

FIG. 1(a) 1s a cross-sectional view taken along an imagi-
nary rotational axis of the thermal roller described 1n Japa-
nese Patent-Application Publication (Kokai) No. HEI-9-
179423;

FIG. 1(b) is a cross-sectional view taken perpendicular to
the 1maginary rotational axis of the thermal roller shown 1n
FIG. 1(a);

FIG. (c¢) is a cross-sectional view taken along an imagi-

nary rotational axis of the thermal roller described 1n Japa-
nese Patent-Application Publication (Kokai) No. HEI-9-
138605;

FIG. 1(d) is a cross-sectional view taken perpendicular to
the 1maginary rotational axis of the thermal roller shown 1n

FIG. 1 (¢);

FIG. 2 1s a perspective view 1n partial cross section
showing a thermal roller disclosed 1n Japanese Patent Appli-

cation Publication (Kokai) No. HEI-8-194401;
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FIG. 3 1s a magnified view showing essential configura-
tion 1n cross section of the thermal roller shown 1in FIG. 2;

FIG. 4 1s a cross-sectional view schematically showing a
laser printer including a thermal fixing roller according to a
first embodiment of the present invention;

FIG. 5 1s a magnified cross-sectional view showing a
fixing device including the thermal fixing roller according to
the first embodiment;

FIG. 6 1s a cross-sectional view taken along line VI—VI
of FIG. 5;

FIG. 7 1s a cross-sectional view of the thermal fixing roller
taken along line VII—VII of FIG. 6:

FIG. 8 1s a plan view showing a sheet-shaped thermal
body of the thermal roller shown 1n FIG. 7;

FIG. 9 1s a cross-sectional view showing internal con-
figuration of a thermal roller according to a second embodi-
ment of the present mnvention;

FIG. 10(a) is a perspective view showing an example of
a electrically-conductive resilient body of the thermal roller
according to the second embodiment;

FIG. 10(b) 1s a perspective view showing another
example of the electrically-conductive resilient body of the
thermal roller according to the second embodiment;

FIG. 10(c) 1s a perspective view showing still another
example of the electrically-conductive resilient body of the
thermal roller according to the second embodiment;

FIG. 11 1s a cross-sectional view showing internal con-
figuration of a thermal roller according to a third embodi-
ment of the present mnvention; and

FIG. 12 15 a plan view showing a heat-resistant insulation
sheet of the thermal roller according to the third embodiment
of the present 1nvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A laser printer P including a fixing device 1 according to
a first embodiment of the present invention will be described
while referring to the accompanying drawings.

As shown 1n FIG. 4, the laser printer P includes the fixing
device 1, an 1mage forming mechanism 2, a sheet supply
mechanism 3, a sheet discharge mechanism 6, and other
components, all housed within a casing 7.

The sheet supply mechanism 3 1s disposed upstream from
the 1mage forming mechanism 2 1n a sheet feed direction.
The sheet supply mechanism 3 includes a sheet supply
cassette 4 filled with a stack of sheets, a manual sheet supply
portion § capable of supplying one sheet at a time, and
rollers for taking up sheets from the sheet supply cassette 4
or the manual sheet supply portion 5, and supplying the
sheets to the 1mage forming mechanism 2. With this
conflguration, the rollers are driven to rotate to take up a
sheet from either of the sheet supply cassette 4 or the manual
sheet supply portion 5. While the sheet 1s sandwiched
between the rollers, rotation of the rollers transports the
sheet downstream 1n the sheet transport direction toward the
image forming mechanism 2.

The 1mage forming mechanism 2 1s for forming 1mages
from toner on a paper sheet, which serves as a recording
medium. The image forming mechanism 2 1s an electropho-
tographic 1mage 1s forming device and includes a well-
known electrophotographic photosensitive drum, a charging
unit, an exposure unit including a laser light source, a
developing unit, a transfer unit, and a charge removing unit.
To form a toner 1mage on the surface of a sheet, the charging
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unit charges the surface of the electrophotographic drum
sensitive drum. The exposure unit irradiates the surface of
the photosensitive drum with laser light to produce an
clectrostatic latent 1mage on the surface of the photosensi-
five drum. The developing unit develops the electrostatic
latent 1mage into a visible 1mage using toner. The transfer
unit transfers the visible toner image onto a paper sheet
transported by the sheet supply mechanism 3 from down-
stream 1n the sheet transport direction.

The fixing device 1 1s for transporting the sheet down-
stream from the image forming mechanism 2 in a sheet
transport direction and, at the same time, heating the sheet
to soften or melt the toner onto the sheet, thereby fixing the
toner 1mage onto the sheet. The fixing device 1 will be
described 1n greater detail later.

The sheet discharge mechanism 6 1s disposed downstream
from the fixing device 1 in the sheet transport direction. The
sheet discharge mechanism 6 transports a sheet on which the
toner 1mage 1s fixed by the fixing device 1 onto a tray at the
top of the laser printer P.

Next, a detailed description will be provided for the fixing,
device 1. The fixing device 1 1s shown 1n more detail in FIG.
5. As shown 1 FIG. 5, the fixing device 1 includes a thermal
roller 10 and pressure roller 12. As will be described 1n more
detail later, the thermal roller 10 has a tubular aluminum
base and a thermal body fixed to the inner surface of the
aluminum tube base. The pressure roller 12 1s formed from
silicone rubber disposed around a metal shatft.

The thermal roller 10 and the pressure roller 12 are
disposed 1n parallel alignment with each other. The pressure
roller 12 1s rotatably supported on a bearing 13, which 1s
movable toward and away from the thermal roller 10. A
spring 14 1s provided for urging the bearing 13 in the
direction toward the thermal roller 10. With this
configuration, the pressure roller 12 and the thermal roller 10
are maintained with their outer peripheral surfaces 1n press-
ing contact.

Sheet guides 16, 17 are disposed adjacent to, and on
opposite sides of, the thermal roller 10 and the pressure
roller 12. When a sheet S 1s transported from the image
forming mechanism 2, which 1s disposed upstream from the
fixing device 1 1n the sheet transport direction, the sheet
cuide 16 guides the sheet S to between where the thermal
roller 10 and the pressure roller 12 press against each other.
Rotation of the rollers 10, 12 draws the sheet S guided by the
sheet guide 16 1n between the thermal roller 10 and the
pressure roller 12, and further transports the sheet S to the
sheet guide 17. The sheet guide 17 1n turn guides 1s the sheet
S to the sheet discharge mechanism 6, which i1s further
downstream from the fixing device 1 1n the sheet transport
direction.

An upper cover 18 1s disposed above the thermal roller 10
for preventing the sheet S from bending backwards and
again contacting the hot thermal roller 1. An overheat-
detection temperature sensor 19 1s mounted to the under-
surface of the upper cover 18, at a position above the thermal
roller 10. The overheat-detection temperature sensor 19 1is
disposed 1n confrontation with the outer peripheral surface
of the thermal roller 10. If the thermal roller 10 generates an
excessive amount of heat due to, for example, run away
operation of a control unit of the laser printer P, then the
overheat-detection temperature sensor 19 will detect the
abnormally excessive temperature and will interrupt supply
of power to the thermal roller 10. The overheat-detection
temperature sensor 19 can be configured from a temperature
fuse or a thermostat
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Although not shown 1n the drawings, the fixing device 1
1s provided with another temperature sensor 1n addition to
the overheat-detection temperature sensor 19. This other
temperature sensor 1s for detecting surface temperature of
the thermal roller 10. Temperature at the surface of the
thermal roller 10 1s constantly monitored using the tempera-
ture sensor, and control 1s performed accordingly to main-
tain the temperature at the surface of the thermal roller 10 at
a suitable temperature.

As shown 1n FIG. 6, the thermal roller 10 having the
above-described configuration 1s rotatably supported on
bearings 60, 60, which are fixed to the frame of the laser
printer P. Also, a drive gear 62 1s mounted on one tip of the
thermal roller 10. In order to drive the thermal roller 10 to
rotate, drive force from a motor (not shown) is transmitted
to the drive gear 62.

The drive gear 62 1s formed from a compound resin
material having excellent resistance to heat, such as a
polyphenylene sulfide resin (PPS). The bearings 60, 60 are
formed from a compound resin material, such as a polyphe-
nylene sulfide resin (PPS), which serves as a matrix, dis-
persed with carbon, which serves as electrically-conductive
filler. Therefore, the bearings 60, 60 and the drive gear 62
have heat resistance of up to about 250 to 260° C. Therefore,
problems such as deformation of the bearings 60, 60 and the
drive gear 62 will not occur as long as the thermal roller 10
is used at a normal operation temperature of around 200° C.

The bearings 60, 60 have stable electrical conductivity
and are electrically connected to, for example, a metal
component connected to ground. Accordingly, the thermal
roller 10 1s connected to ground via the bearings 60, 60 so
that the thermal roller 10 can be prevented from developing
a charge. The drive gear 25 can be made from the material
used for the bearmng 60, dispersed with an electrically-
conductive filler 1in order to prevent the drive gear 25 and the
thermal roller 10 from charging.

Sliding contact mechanisms 70, 70 are provided at either
end of the thermal roller 10. The sliding contact mechanisms
70, 70 serve as electrodes through which an alternating
current or a direct current 1s supplied to the sheet-shaped
heating body 50. Both of the sliding contact mechanisms 70,
70 have substantially the same configuration.

The sliding contact mechanism 70 includes a rotational
clectrode member 71 and a stationary electrode member 72.
The rotational electrode member 71 1s fixed to the thermal
roller 10 and so rotates integrally with the thermal roller 10.
As shown 1n FIG. 6, the rotational electrode member 71
resiliently contacts the thermal roller 10 from the 1nside. And
the stationary electrode member 72 1s attached to the frame
of the laser printer P and 1s supported in resilient contact
with the rotational electrode member 71.

The stationary electrode member 27 resiliently deforms to
remain 1n pressing contact with the rotational electrode
member 71. Therefore, electrical contact between the sta-
tionary electrode member 72 and the rotational electrode

member 71 can be maintained while the two slide against
cach other.

As shown 1n FIG. 7, the thermal roller 10 1s formed from
several concentric layers, including, from the outermost
layer to the innermost layer, a clinging prevention layer 32,
a roller body 31, a film member 134, and a pressure resilient

body 36.

The clinging prevention layer 32 1s formed onto the outer
peripheral surface of the roller body 31 and is provided for
preventing toner on the surface of the recording medium
from clinging to the thermal roller 10 during fixing opera-
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tions. The clinging prevention layer 32 can be formed by
coating a fluorocarbon resin material to a thickness of about
10 to 30 um on the outer peripheral surface of the roller body
31. The fluorocarbon resin material should have excellent
heat resistance and separation properties.

The roller body 31 serves as a base of the thermal roller
10 and 1s formed from aluminum in a hollow tube shape.

The film member 134 1s disposed at the interior of the
roller body 31 and includes three layers: a first heat-resistant
insulation layer 33, a thermal layer 34, and a second heat-
resistant 1nsulation layer 35 in this order from exterior to
interior. The film member 134 1s disposed to the exterior of
the pressure resilient body 36 and so 1s supported by being
sandwiched between the pressure resilient body 36 and the
inner peripheral surface of the roller body 31. It should be
noted that “insulation” in the first and second heat-resistant
insulation layers 33, 35 refers to electrical msulating prop-
erties of these layers.

The thermal layer 34 1s configured from a sheet-shaped
heating body 50 shown 1n FIG. 8. The sheet-shaped heating
body 50 1s a flexible sheet formed from an insulation base
51, which 1s formed from a polyimide resin film, and an
clectrical-resistance type heat-generating layer 535 formed on
the 1nsulation base 51. The sheet-shaped heating body 50 1s
inserted into the roller body 31 so that the heat-generating
layer 55 faces, and 1s in contact with, the second heat-
resistant insulation layer 35.

The heat-generating layer 55 1s formed from a stainless
steel foil layer and includes a heating pattern portion 554, a
first energization terminal 3556 connected to one end of the
heating pattern portion 554, and a second energization
terminal 355¢ connected to the other end of the heating
pattern portion 554. The first and second energization ter-
minals 55b, 55¢ are electrically connected with the rota-
tional electrode member 71 where the rotational electrode
member 71 resiliently contacts the inner surface of the
thermal roller 10. With this configuration, the heating pattern
portion 55a heats up when current tlows between the first
energization terminal 555 and the second energization ter-
minal 55¢. The heating pattern portion 554 of the heat-
generating layer 55 can be formed by attaching stainless
steel or copper foil, for example, onto the 1nsulation base 51
and then etching the stainless steel or copper foil mnto a

desired pattern.

The temperature distribution of heat generated by the
heat-generating layer 35 1s adjusted by adjusting the cross-
sectional area and the pattern shape of the heating pattern
portion 355a. That 1s, regions with a small cross-sectional
arca generate a larger amount of heat than do regions with
a large cross-sectional area. This property 1s used to adjust
the amount of generated heat to produce a uniform tempera-
ture distribution at the outer peripheral surface of the ther-
mal roller 1.

As shown 1n FIG. 8, the heating pattern portion 554 of the
present embodiment 1s formed with four different patterns A
to D, each having a different cross-sectional area. The
cross-sectional area of the patterns A to D increases 1n order
from pattern A to pattern D so that the pattern A generates
the most heat and the pattern D generates the least heat The
heating pattern portion 354 1s configured with pattern A at
the ends, pattern D in the center, and patterns C and B 1n
between, to generate more heat nearer the ends of the
thermal roller 10. This 1s because the end portions of the
thermal roller 10 radiate a greater amount of heat than the
central portion. Were the same amount of heat to be gener-
ated across the entire thermal roller 10, the surface tempera-
ture would be lower at the end portions than at the central
portion.
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Both of the heat-resistant insulation layers 33, 35 are
formed from one or more layers of polyimide resin, which
has excellent heat resistance and provides excellent electri-
cal msulation. In order to prevent unexpected short circuits
and electric shocks the thermal layer 34 1s sandwiched from
both sides by the heat-resistant insulation layers 33, 35, and
so 15 electrically partitioned from the roller body 31, the
pressure resilient body 36, and other surrounding compo-
nents. According 1s to the present embodiment, the first
heat-resistant insulation layer 33 1s disposed 1n confrontation
with the 1nsulation base 51 of the sheet-shaped heating body

50.

Although the 1nsulation base 51 1s described above as a
portion of the thermal layer 34, it can also be considered to
form the extreme inner layer of the first heat-resistant
mnsulation layer 33. Alternatively, the first heat-resistant
insulation layer 33 can be configured from the insulation
base 51 itself. However, when the first heat-resistant 1nsu-
lation layer 33 and the insulation base 51 are configured
from separate layers, the first heat-resistant insulation layer
33 and the insulation base 51 form a double 1nsulation layer
for preventing electrical connection between the heat-
oenerating layer 55 and the roller body 31. With this
configuration, if, for some reason the first heat-resistant
insulation layer 33 or the insulation base 51 becomes
damaged, electrical connection between the roller body 31
and the heat-generating layer 55 can still be prevented.

The second heat-resistant insulation layer 35 prevents
direct contact between the heat-generating layer 55 and the
pressure resilient body 36. Furthermore, the second heat-
resistant 1nsulation layer 35 i1s configured from a film
member made from a polyimide resin with greater heat
resistance than the pressure resilient body 36. It 1s conceiv-
able that, for some reason, the heat-generating layer 55
could generate an unusually high heat at certain portions
thereof. However, even if the unusually hot portions of the
resistant heater layer exceed the heat resistance temperature
of the silicone sponge material of the pressure resilient body
36, the second heat-resistant insulation layer 35 prevents the
pressure resilient body 36 from being rapidly heated up to its
combustion point. Therefore, by the time the pressure resil-
ient body 36 reaches its thermal breakdown temperature, an
abnormally high temperature will be sensed by the overheat-
detection temperature sensor 19, which 1s disposed at the
outer periphery of the thermal roller 10. Fires and other such
accidents can be prevented. Also, the possibility of the
pressure resilient body 35 exceeding the thermal breakdown
temperature 1s exceedingly low as long as the second
heat-resistant insulation layer 35 1s formed sufficiently thick.

The pressure resilient body 36 1s a hollow tube formed
from silicone sponge. The pressure resilient body 36 1is
disposed to the interior of the film member 134. The outer
diameter of the pressure resilient body 36 1s larger when the
pressure resilient body 36 1s 1n an unstressed condition than
when the pressure resilient body 36 1s disposed i1n the
thermal roller 10. To insert the pressure resilient body 36
into the thermal roller 10, the pressure resilient body 36 1is
stretched 1n 1ts axial direction. As a result, the outer diameter
of the pressure resilient body 36 shrinks. After the pressure
resilient body 36 1s disposed inside the thermal roller 10,
stretching of the pressure resilient body 36 1s stopped. As a
result, the pressure resilient body 36 shortens 1n its axial
direction to its original length and expands to its original
outer diameter. Therefore, the pressure resilient body 36
presses against the film member 134, thereby sandwiching
the film member 134 between the pressure resilient body 36
and the roller body 31. With this configuration, the thermal
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roller 10 can be assembled without adhesive for fixing
heat-generating layer 55 against the roller body 31.

The second heat-resistant insulation layer 35 of the
present embodiment 1s formed from polyimide because
polyimide has excellent insulation properties, heat
resistance, and workability. However, ceramic materials
having excellent heat resistance can be used instead of
polyimide.

According to the first embodiment, the second heat-
resistant insulation layer 35 1s formed from polyimide resin
f1lm member disposed between the heat-generating layer 35
and the pressure resilient body 36. When the pressure
resilient body 36 1s formed from a foam member, such as a
silicone sponge, the second heat-resistant insulation layer 35
can be formed by coating the surface of the pressure resilient
body 36 with polyimide resin or with a ceramic material
having excellent heat resistance. However, when the second
heat-resistant insulation layer 35 1s coated on the pressure
resilient body 36 1n this manner, it should be coated 1n a
manner to msure resiliency of the resilient body 36. For
example, the second heat-resistant insulation layer 35 can be
formed by coating a plurality of layers with predetermined
spaces opened therebetween 1n the peripheral or lengthwise
direction around the outer surface of the pressure resilient
body 36. Alternatively, the second heat-resistant 1nsulation
layer 35 can be formed by droplet shaped material scattered
across the outer peripheral surface of the pressure resilient

body 36.

A polyimide resin or a ceramic material can be coated to
the outer surface of the resistance-type heat-generating body
55 of the heat-generating layer 34. Further, the second
heat-resistant insulation layer 35 can be formed by a ceramic
sheet formed from fiber shaped pieces of ceramic material,
such as aluminum (AlO;) or silicon oxide (S10,).

The ceramic layer serves not only as an electrical 1nsu-
lation layer but also as a thermally insulating layer with heat
resistance against very high temperatures, such as 1000° C.
or more. Therefore, even 1f the heat-generating body gen-
erates an excessive heat of 400° C. or more, the ceramic
sheet will not 1gnite. The degree of thermal msulation can be
controlled by regulating the thickness of the ceramic layer so
that the 300° C. ignition temperature of silicon rubber, from
which the pressing member 1s formed, 1s not exceeded.
Accordingly, thermal break down of the pressing member
will not occur so that reduction 1n the pressing force can be
prevented. Further, heat from the heat-generating layer can
be effectively transmitted to the roller body so that localized
extreme rises 1n temperatures can be prevented. Also, the
power supply to the heat-generating body can be easily cut
off by monitoring the temperature of the roller body. This 1s
especially beneficial when the insulation material 1s made
from polyimide, because the power supply can be cut off
before the polyimide breaks down.

Because the ceramic sheet has an extremely high thermal
insulation property, temperature leaks to the pressure resil-
lent body 36 can be prevented. Further, heat from the
heat-generating layer can be effectively transmitted to the
roller body. As a result, energy can be prevented from being
wastefully consumed.

Further, the second heat-resistant insulation layer 35
desirably has a heat resistance equal to or greater than
resistance of the first heat-resistant insulation layer 33. The
second heat-resistant insulation layer 35 can be formed from
the same material as the first heat-resistant insulation layer
33. However, 1n this case, the second heat-resistant insula-
tion layer 35 needs to be formed to a thickness that enables
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the second heat-resistant insulation layer 35 to suppress, to
a certain extent, thermal conduction of heat from the heat-
cgenerating body 55 to the pressure resilient body 36 and to,
at the same time, function effectively as a thermal insulation
layer.

Next, an explanation will be provided for a second
embodiment of the present invention. FIG. 9 shows a
thermal body 10" according to the second embodiment. The
thermal body 10' differs from the thermal roller 10 of the first
embodiment 1n that 1t includes an electrically-conductive
resilient body 36' instead of the pressure resilient body 36.

The electrically-conductive resilient body 36' 1s formed
from a thin plate shaped sheet rolled 1nto a cylinder with an
outer diameter slightly larger than the inner diameter of the
second heat-resistant insulation layer 35, which 1s disposed
at the outer peripheral surface of the electrically-conductive
resilient body 36'. The thin plate can be formed from
stainless steel, aluminum, or copper. Because all of these
materials have suflicient resiliency, any one can sufficiently
serve as the resilient body of the present invention. Also, all
of these materials have excellent electrical conductivity and
have good thermal conductivity. Further, because both are
formed 1n a thin shape, both have low thermal capacity and
excellent thermal saturation properties.

FIG. 10(a) shows the tube shape of the electrically-
conductive resilient body 36'. The electrically-conductive
resilient body 36' 1s cooled to shrink its outer diameter
before 1nserting 1t in the roller body 31. After being installed,
the electrically-conductive resilient body 36' warms up,
whereupon its outer diameter expands to its original size. As
a result, the electrically-conductive resilient body 36' presses
against the first heat-resistant insulation layer 33, the heat-
ogenerating layer 34, and the second heat-resistant mnsulation
layer 35, thereby sandwiching the layers 33 to 35 between
the electrically-conductive resilient body 36' and the roller
body 31. That 1s to say, the electrically-conductive resilient
body 36' functions as a plate spring operating as a pressing
body using its own deformation energy.

The thermal roller 10" has excellent thermal conductivity
because the electrically-conductive resilient body 36' 1s
formed from a plate spring with excellent electrical conduc-
tivity. That 1s, the electrically-conductive resilient body 36
has better thermal conductivity than the silicone resin mate-
rial used to make the resilient body 36. Therefore, the
clectrically-conductive resilient body 36' enhances disper-
sion of localized excessive heat generated by the heat-
oenerating body. Further. the surface of the electrically-
conductive resilient body 36' 1s smoother than the surface of
the foam member that forms the resilient body 36 of the first
embodiment. Therefore, the electrically-conductive resilient
body 36' presses more uniformly against the surface of the
second heat-resistant insulation layer 35 disposed at 1ts outer
periphery. Accordingly, the resistance-type heat-generating,
body 55 1s less likely to develop excessive heat at only
certain localized positions, which can happen with when
pressing force 1s uneven.

Even if for some reason the resistance-type heat-
ogenerating body 355 generates localized excessively high
temperatures so that the second heat-resistant 1nsulation
layer 35, which 1s disposed to the interior of the resistance-
type heat-generating body 355, heats up locally, the
electrically-conductive resilient body 36', which 1s disposed
in the interior of the second heat-resistant insulation layer
35, draws a portion of the localized heat away from the
second heat-resistant msulation layer 35. The heat 1s uni-
formly dispersed throughout and saturates the entire
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clectrically-conductive resilient body 36'. For this reason,
such localized heating will not produce uneven temperatures
at the outer surface of the thermal body 10' itself. Therefore,
the outer surface of the thermal body 10' can be maintained
at a stable heating condition.

Also, the electrically-conductive resilient body 36" will
not thermally break down and the film member used as the
first heat-resistant 1nsulation layer 33, which 1s disposed
exterior to the resistance-type heat-generating body 35, will
not break down and electrical leaks by break down 1n the
insulation will not occur. Because the second heat-resistant
insulation layer 35 1s interposed between the electrically-
conductive resilient body 36' and the resistance-type heat-
generating body 385, electrical insulation between the
electrically-conductive resilient body 36' and the resistance-
type heat-generating body 335 1s assured so that short circuits
and the like will not occur.

An electrically-conductive resilient body 36'a shown 1n
FIG. 10(b) can be used instead of the electrically-conductive
resilient body 36' shown in FIG. 10(a). The electrically-
conductive resilient body 36'a 1s formed with an elongated
slit 1n 1ts lengthwise direction. The electrically-conductive
resilient body 36'a 1s formed with an outer peripheral
diameter slightly larger than the outer peripheral diameter of
the second heat-resistant insulation layer 35. Before the
clectrically-conductive resilient body 36'a 1s inserted into
the roller body 31, first, the electrically-conductive resilient
body 36'a 1s compressed so as to close the elongated slit and
reduce the outer diameter of the electrically-conductive
resilient body 36'a. The electrically-conductive resilient
body 36'a 1s mserted 1nto the roller body 31 while m this
condition. After insertion, the electrically-conductive resil-
ient body 36'a 1s released so that the electrically-conductive
resilient body 36'a reverts to 1ts original large outer diameter.
As a result, the electrically-conductive resilient body 36'a
presses the heat-resistant msulation layer 33 and the heat-
generating layer 34 1n between 1tself and the roller body 31.

An electrically-conductive resilient body 36'b shown 1n
FIG. 10(c) is formed with a spiral shaped slit around its outer
periphery. The electrically-conductive resilient body 36'b 1s
formed with the outer diameter slightly larger than the 1nner
diameter of the second heat-resistant insulation layer 35. In
order to 1nsert the electrically-conductive resilient body 36'b
into the second heat-resistant insulation layer 35, the
clectrically-conductive resilient body 36'b 1s wound up 1n a
direction following its outer peripheral surface in order to
reduce the outer diameter. After the electrically-conductive
resilient body 36'b 1s inserted into the roller body 31, the
wound up force 1s released so that the electrically-
conductive resilient body 36'c reverts to its large outer
diameter and presses the layers 33, 34, 35 between itself and

the roller body 31.

It 1s desirable to form the electrically-conductive resilient
bodes 36'a and 36'b 1n a shape and size so that the gap at the
slotted portion completely closes when the electrically-
conductive resilient bodies 36' and 36'C are inserted into the

roller body 31.

Further, the electrically-conductive resilient body accord-
ing to the second embodiment can be formed from a
plate-shaped sheet of shape memory alloy. In this case, the
clectrically-conductive resilient body 1s inserted into the
roller body 31 1n a rolled up condition. The electrically-
conductive resilient body will attempt to revert to 1ts original
shape while 1n the roller body 31. This force presses the
outer layers against the roller body 31.

Also, the electrically-conductive resilient body according
to the second embodiment can be formed from a simple
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rectangular shape thin plate that 1s rolled up and inserted into
the roller body 31. In this case, the length of the thin plate
before 1t 1s rolled up 1s desirably longer than the inner
circumference of the roller body 31 to insure that layers
exterior to the electrically-conductive resilient body are
pressed against the roller body 31 with a uniform force.

Next, a thermal roller 10" according to a third embodi-
ment of the present invention will be explained while
referring to FIGS. 11 and 12. As shown in FIG. 11, the
thermal roller 10" includes the roller body 31 and clinging
prevention layer 32 in the same manner as the thermal rollers
10 and 10' of the first and the second embodiments.
However, the thermal roller 10" differs from the thermal
rollers 10, 10" of the first and the second embodiments 1n the
use of a heat-resistant insulation sheet 40, which 1s disposed
within the roller body 31 1n a rolled up condition.

As shown 1n FIG. 12, the heat-resistant insulation sheet 40
includes an insulation base 41 formed from a polyimide
resin film member. The 1nsulation base 41 1s divided 1nto a
pressing region X: a heat-generating region Y; and an
insulation region Z.

A resilient body 46 1s formed on the pressing region X
The resilient body 46 has a rectangular shape and 1s formed
form a thin plate of stainless stecl. The resilient body 46 has
a property of attempting to resiliently return to its original
shape when deformed by a force.

A resistance-type heat-generating body 44 1s formed on
the heat-generating region Y and on edge portions of the
pressing region X. The resistance-type heat-generating body
44 includes a heating pattern portion 444, a first energization
terminal 44b connected to one end of the heating pattern
portion 44a, and a 1s second energization terminal 44c
connected to the other end of the heating pattern portion 44a.
The first and second energization terminals 44b, 44¢ of the
resistance-type heat-generating body 44 are electrically con-
nected to the rotational electrode member 71 where the
rotational electrode member 71 resiliently contacts the inner
surface of the thermal roller 10". With this configuration, the
heating pattern portion 44a heats up when current tlows
between the first energization terminal 445 and the second
energization terminal 44c. The heating pattern portion 44a
of the heat-generating layer 44 can be formed by attaching
a thin plate of stainless steel fo1l onto the insulation base 41
and then etching the stainless steel foil 1nto a desired pattern.

In the same manner as in the first embodiment, the
temperature distribution of heat generated by the heat-
oenerating layer 44 1s adjusted by adjusting the cross-
sectional area and the pattern shape of the heating pattern
portion 55a. As shown i FIG. 12, the heating pattern
portion 44a of the present embodiment 1s formed with four
different patterns A to D, each having a different cross-
sectional area. The cross-sectional area of the patterns A to
D increases 1n order from pattern A to pattern D so that the
pattern A generates the most heat and the pattern D generates
the least heat. The heating pattern portion 554 1s configured
with pattern A at the ends, pattern D 1n the center, and
patterns C and B 1n between, to generate more heat nearer
the ends of the thermal roller 10. With this configuration,
temperature distribution of heat generated by the heat-
ogenerating layer 44 can be adjusted to produce a uniform

heat across the entire outer peripheral surface of the thermal
roller 10".

It should be noted that the resilient body 46 and the
resistance-type heat-generating body 44 are formed at the
same time by attaching stainless steel or copper foil sheet
onto the msulation base 41 and etching the stainless steel or
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copper foil sheet mto a desired pattern. For this reason,
compared to when the resilient body 46 and the resistance-
type heat-generating body 44 are formed separately and then
attached to the msulation base 41, the heat-resistant 1nsula-
tion sheet 40 can be formed easier and more rapidly and
operations can be more elficiently performed.

The 1nsulation region Z 1s a rectangular region formed
from a portion of the insulation base 41 in other words,
nothing 1s formed on the insulation region Z. It should be
noted that nothing i1s formed on the undersurface of the
insulation base 41.

As shown 1n FIG. 11, the heat-resistant insulation sheet 40
coniigured 1n this manner 1s mounted within the roller body
31 1n a rolled up condition. The heat-resistant insulation
sheet 40 1s rolled up so that the pressing region X 1s disposed
to the most interior side and the heat-generating region Y
and the insulation region Z are disposed 1n this order exterior
to the pressing region X. It should be noted that the pressing
region X, the heat-generating region Y, and the insulation
region 7. should be formed to a length that, when 1n this
rolled up condition, equals or exceeds the mner circumfer-
ence of the roller body 31.

When the heat-resistant msulation sheet 40 1s mounted
into the roller body 31 1n the rolled up condition described
above, the resilient body 46 of the pressing region X, which
1s disposed 1nterior to other regions Y, Z, pressingly main-
tains regions Y, Z sandwiched between itself and the roller
body 31. Because the insulation region Z 1s disposed exterior
to the other regions X, Y, electrical insulation between the
resistance-type heat-generating body 44 of the heat-
generating region Y and the roller body 31 1s assured.

In this way, the single heat-resistant mnsulation sheet 40
performs a variety of functions. That 1s, the insulation region
7. performs an 1nsulation function, the heat-generating
region Y performs a heat generating function, and the
pressing region X performs a pressing and fixing function.
Therefore, to mount the heat-resistant insulation sheet 40
into the roller body 31, the heat-resistant insulation sheet 40
merely needs to be rolled up and 1nserted 1nto the roller body
31 and to complete mounting processes. For this reason,
assembly of the thermal roller 10" can be simplified and can
be performed with great efficiency and with fewer compo-
nents than the thermal rollers 10, 10" of the first and second
embodiments.

In this way, the resistance-type heat-generating body 44
and the resilient body 46 are provided to only a single
surtace of the 1nsulation base 41. The heat-resistant insula-
fion sheet 40 configured 1n this manner 1s mounted in the
roller body 31 with the resistance-type heat-generating body
44 and the resilient body 46 disposed to the interior of the
insulation base 41. As a result, the regions Y and Z of the
insulation base 41 are both disposed between the resistance-
type heat-generating body 44 and the inner surface of the
roller body 31. This double insulation layer increases effec-
fiveness of 1nsulation. In the same way, the pressing region
X of the insulation base 41, which supports the resilient
body 46, 1s interposed between the resilient body 46 and the
resistance-type heat-generating body 44. This forms an
insulation layer so that proper electrical 1nsulation 1s guar-
anteed.

Although the third embodiment describes the resistance-
type heat-generating body 44 and the resilient body 46 as
being formed from an integral thin plate of stainless steel,
the resilient body 46 and the resistance-type heat-generating
body 44 can be formed from separate members. The resilient
body 46 and the resistance-type heat-generating body 44
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need not be formed from stainless steel but could be formed
from any other electrically-conductive material such as
copper or aluminum.

The resilient body 46 can be dispensed with 1if the
insulation base 41 1s formed with sufficient thickness and
resiliency to perform the pressing and fixing function of the
resilient body 46. In this case, a portion of the insulation
base 41 can serve to fix the heat-resistant insulation sheet 40
from the 1nside against the roller body 31.

A variety of modifications and alternate configurations
other than the pressing region X are conceivable as a
pressing means for pressing the heat-resistant insulation
sheet from the inside outward toward the inner peripheral
surface of the roller body. For example, a foam resin
member that generates pressing force by generation of
bubbles from inside can be used. Alternatively, a freely
stretchable resilient body, such as a silicone sponge member
according to the first embodiment, can be used to obtain
pressing force by inserting 1t 1into the roller body Further, a

plate spring according to the second embodiment formed
into a cylindrical shape can be used to obtain pressing force
by it nserting 1nto the roller body.

The insulation region Z can be dispensed with if the
insulation base 41 has sufficient msulation properties to
perform the insulation function of the 1nsulation region Z. In
this case, the resistance-type heat-generating body can be
disposed 1n the roller body to the interior of the heat-resistant
insulation sheet member. In this case because the insulation
base 41, which supports the heat-generating body 44, 1s
interposed between the heat-generating body 44 and the
interior peripheral surface of the roller body 31, msulation
between the heat-generating body 44 and the roller body 31
can be sufficiently insured.

Because the heat-resistant insulation sheet 1s configured
only from a heat-generating region and a pressing region, the
heat-resistant msulation sheet can be configured 1n a small
size Accordingly, the heat-resistant insulation sheet 1s easy
to produce and assembly operations for inserting the heat-
resistant insulation sheet into the roller body can be simpli-
fied and operations can be efficiently performed.

While the invention has been described in detail waith
reference to three speciific embodiments thereof, 1t would be
apparent to those skilled 1n the art that various changes and
modifications may be made therein without departing from
the spirit of the invention, the scope of which 1s defined by
the attached claims.

For example, although the fixing device 1 1s described 1n
the embodiment as being disposed 1n the laser printer P, the
fixing device 1 can be used in any 1image forming device that
includes an image forming mechanism that forms 1mages by
impinging thermally meltable recording material onto a
recording medium, such as a paper sheet. For example, the
fixing device 1 can be used 1n copiers, printers, or facsimile
machines to fix 1mages formed by the 1mage forming
mechanism onto the recording medium.

The 1mage forming device 1s not limited to an electro-
photographic device which use toner. For example, a hot
melt ik jet device, which uses thermally meltable 1k, can
be used Also, the thermal rollers 10, 10', 10" can be formed
from other materials than aluminum As long as the material
has good thermal conductivity, then whether or not 1t 1s an
clectrically-conductive material 1s not important.

What 1s claimed 1s:

1. A thermal roller comprising;:
a cylindrical roller body formed with a hollow interior;

a first heat-resistant 1nsulation layer disposed in the hol-
low 1nterior of the roller body;
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a resistance-type heat generating body disposed interior to
the first heat-resistant insulation layer;

a second heat-resistant insulation layer disposed interior
to the resistance-type heat generating body; and

a resilient body disposed interior to the second heat-
resistant 1nsulation layer and pressing the second heat-
resistant insulation layer toward the roller body with
sufficient resilient force to fix the first heat-resistant
insulation layer, the resistance-type heat generating
body, and the second heat-resistant insulation layer in
place with respect to the roller body.

2. A thermal roller as claimed 1n claim 1, wherein the
resilient member 1s formed from an electrically conductive
material.

3. A thermal roller as claimed 1n claim 2, wheremn the
resilient member 1s formed with greater thermal conductiv-
ity than 1s the second heat-resistant msulation layer.

4. A thermal roller as claimed 1n claim 2, wherein the
resilient member 1s formed with greater heat resistance than
1s the second heat-resistant mnsulation layer.

5. A thermal roller as claimed 1n claim 2, wherein the
resilient member 1s formed from a metal.

6. A thermal roller as claimed 1n claim 1, wherein the
second heat-resistant insulation layer 1s formed with greater
heat resistance than 1s the resilient body.

7. A thermal roller as claimed 1n claim 1, wherein the
second heat-resistant insulation layer 1s formed from a sheet
of polyimide resin.
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8. A thermal roller as claimed 1n claim 1, wherein the
second heat-resistant insulation layer 1s formed from a
ceramic material.

9. A thermal roller as claimed 1n claim 9 further compris-

ing a temperature sensor, provided external to the roller
body, that detects temperature at a surface of the roller body.
10. A thermal roller comprising:

a cylindrical roller body formed with a hollow interior;

a first heat-resistant 1nsulation layer disposed in the hol-
low 1nterior of the roller body;

a resistance-type heat generating body disposed interior to
the first heat-resistant insulation layer;

a second heat-resistant msulation layer disposed interior
to the resistance-type heat generating body, the second
heat-resistant 1nsulation layer having higher heat-
resistance than the first heat-resistant msulation layer;
and

a resilient body disposed interior to the second heat-
resistant insulation layer and pressing the second heat-
resistant 1nsulation layer toward the roller body with
sufficient resilient force to fix the first heat-resistant
insulation layer, the resistance-type heat generating
body, and the second heat-resistant insulation layer in
place with respect to the roller body.
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